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HIGH RESOLUTION LCD DISPLAY SYSTEM 



Related Application Data 



This application is a continuation-in-part of 
copending application Serial No. 07/363,099, filed 
June 7, 1989, which in turn is a continuation-in-part 
of copending application Serial No. 07/329,938, 
filed March 28,1989. 



Reld of the Invention 



The present invention relates to LCD display 
systems, and more particularly relates to display 
systems employing a plurality of LCD panels in 
series stacked arrangement to permit increased 
display resolution. 

Background and Summary of the Invention 



LCD panels are finding increasing applicability 
in sophisticated display devices. A drawback to 
their further exploitation, however, is their relatively 
limited resolution. 

The resolution of LCD panels is limited both by 
interconnection constraints and by the electrical 
properties of the liquid crystal material itself. Tak- 
ing this latter limitation first, in any multiplexed LCD 
display, each cell must be electrically refreshed 
periodically, typically 30 or 60 times a second, to 
maintain its desired state. This is effected by repet- 
itively scanning down the panel, refreshing each 
row in turn. The greater the resolution of a panel, 
the greater the number of rows that must be re- 
freshed at this rate. Beyond a certain limit, the 
period allotted to refreshing each row becomes too 
short to refresh it effectively. Thus, a minimum 
refresh period limits the number of rows that can 
be refreshed at the requisite rate. This number is 
about 250 - 300 rows with current liquid crystal 
materials. 

In the prior art, displays with twice this number 
of rows have been achieved by duplicating the 
refresh circuitry so that half the rows of the panel 
are refreshed by one circuit and half are refreshed 
by the other. Thus, at any instant, two rows are 
being refreshed - one by one circuit and one by 
the other. However, this technique still only permits 
500 or so rows of resolution. Truly high resolution 
applications demand substantially more rows. 

The obstacle to refreshing more than 500 rows 
is the interconnection limitation. The refresh cir- 



cuitry must connect to each column of pixels on 
the display. There may be 640 or more such 
columns. By partitioning the display into top and 
bottom portions, the two requisite 640 wire connec- 

5 tions can be made - one along the top of the 
display and one along the bottom. However, this 
partitioning approach cannot be extended to a 
three-or more way division because there is no 
way to make the requisite interconnect to inter- 

io mediate portions of the display. 

The interconnect limitation is generally accept- 
ed to be an absolute bar to arbitrarily-high resolu- 
tion LCD displays, as noted in "Scanning Limita- 
tions of Uquid Crystal Displays" by P.M. Alt et al, 

?5 IEEE Trans. Electron Devices, Vol. ED-21, pp. 146- 
155 (1974); and "Ultimate Limits for Matrix Ad- 
dressing of RMS-Responding LC.D/s" by J. Neh- 
ring et al, IEEE Trans. Electron. Devices, Vol. ED- 
26, p. 795-802 (1979). 

20 It is a principal object of the present invention 

to provide a display that circumvents both the 
electrical and interconnect limitations, permitting 
fabrication of LCD displays of virtually unlimited 
resolution. 

25 In accordance with the present invention, a 

composite display is fabricated with a plurality of 
panels. Each panel has active rows and inactive 
rows. The panels are stacked and aligned so that 
each active row is in alignment with inactive rows 

30 in all the other panels of the stack. The parallax 
problem inherent with this stacked cell approach is 
eliminated by a lens system that collimates light 
illuminating the stacked assembly. The limited 
viewing angle associated with collimated iliumina- 

35 tion is overcome by an exit optic that may either 
focus or disperse the exiting light for viewing. 

The foregoing and additional objects, features 
and advantages of the present invention will be 
more readily apparent from the following detailed 

40 description thereof, which proceeds with reference 
to the accompanying drawings. 

Brief Description of the Drawings 

45 

Fig. 1 is a partial schematic side view of a high 
resolution display system according to one em- 
bodiment of the present invention, 
so Fig. 2 is a partial top view of an LCD panel used 
in the display subassembly of Fig. 1 . 
Fig. 3 is a partial top view of the subassembly of 
Fig. 1- 

Fig. 4 is a partial side view of a display sub- 
assembly using double cells that may be em- 
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iimated light exiting the display subassembly is 
also typically processed by an exit optic 18 which 
can either focus the light for projection on a view- 
ing surface, or can simply disperse the light for 
direct viewing. 5 

Referring to Hg. 6. In a first application the 
display subassembly 12 is positioned on the trans- 
parent projection surface 50 of a conventional over- 
head projector 52. Such projectors typically include 
an illumination bulb 54 and a Fresnel lens 56 under 10 
the projection surface to produce light beams that 
pass through a transparency and converge onto a 
projection lens assembly 58. (Due to the short focal 
length and high power required of fens 56, this lens 
is often formed by cementing two or more lower is 
powered Fresnel lenses together.) 

When display subassembly 12 is used in the 
Fig. 6 application, it is desirable to provide a Fres- 
nel lens 60 as the entrance optic to collimate the 
converging light from the projection surface prior to 20 
illumination of the display subassembly. The light 
exiting the subassembly is then refocused by a exit 
optic lens 62 (which is also desirably in Fresnel 
form) onto the projection lens assembly 58. (Lens 
62 here serves the same purpose as the Fresnel 25 
lens provided under the projection surface of the 
projector in the projector's normal operation, name- 
ly to focus light towards the projection lens assem- 
bly 58.) 

If it is desired to use the Fig. 6 display system 30 
in a direct view arrangement, a backlit viewing 
stand 70 shown in Fig. 7 may be employed. This 
stand has a light-transmitting surface 71 against 
which the display 12 can rest, and an internal light 
source 72 for directing illumination through the ,35 
light-transmitting surface. A small shelf 73 on which 
the display can be positioned is provided on the 
exterior of the stand. 

The stand 70 is desirably collapsible to permit 
ready portability. This can be achieved with a hinge 4o 
and bellows arrangement 74. A small size can be 
maintained by using folded optics that include mir- 
roring on the inside back wall 76 of the stand. 

The stand 70 is also desirably provided with 
optics that emulate the optics of a conventional 45 
overhead projector. That is, these optics focus light 
incident on the display 12 so that it converges on a 
point a short distance away. In the illustrated em- 
bodiment, these optics comprise a Fresnel plate 
lens 75. The Fresnel entrance optic 60 used with so 
the display 12 in the Fig. 6 embodiment (present 
but not particularly shown in Fig. 7) again col- 
limates this focused light prior to its illumination of 
the display subassembly. 

In this application, the exit optic 18 is a simple 55 
translucent dispersion medium, such as a ground 
glass plate or a commercially available diffusion 
material (i.e. Roiux film manufactured by Rosco of 



Port Chester N.Y.). 

It will be recognized that the viewing stand 70 
advantageously permits an LCD display to be used 
either as a projection device for large audiences 
(i.e. as an "electronic transparency "), or as a 
single-user computer screen. Such multiple func- 
tionality for an LCD display has not heretofore been 
available. 

A second application of the high resolution 
display subassembly 12 is as a dedicated backlit 
screen for a computer or the like. In this applica- 
tion, shown in Fig. 8, the subassembly 12 is illumi- 
nated with collimated light, and a translucent light 
dispersing material 80 is mounted adjacent the first 
polarizer 28 to display the resulting image. The 
collimated excitation light can be provided from a 
relatively low wattage bulb 82 in conjunction with a 
thin lens 84. 

In a related embodiment shown in Fig. 9, a 
direct view display may be illuminated by a fluores- 
cent light panel 90. In such embodiments the dis- 
play subassembly 12 is fabricated with an entrance 
plate 92 on which are formed a plurality of micro- 
lenses 94, one aligned to each pixel of the display. 
Light incident on one of microlenses 94, regardless 
of its orientation, is directed normal to the plane of 
the display subassembly 12 and thus passes 
through the pixels of the component layers in the 
proper alignment. 

The same arrangement may be used on the 
exiting side of the display. In this case, collimated 
light exiting the subassembly 12 is dispersed by 
microlenses 96 which permit the resultant image to 
be viewed from a wide range of angles without 
parallax effects. The interstitial areas 98 between 
the lenses may be colored black to minimize stray 
light and to improve perceived contrast. Alternative- 
ly, the exit optic can be a simple light dispersing 
medium, such as the ground glass plate 80 shown 
in Fig. 8. 

In still a further variation of the direct view 
embodiment, the incident light can be collimated 
by a novel arrangement employing a parabolic 
mirror 100 (desirably in Fresnel form) and a micro- 
venetian blind material 102. As shown in Fig. 10, 
this embodiment is illuminated by a pair of linear 
light sources, such as fluorescent bulbs 104. These 
bulbs illuminate a generally flat mirrored surface 
106 that has facets arranged to provide one axis of 
collimation. The angles of the facets vary with 
placement on the surface to simulate a sectioned 
parabolic reflector. Light reflected from this mir- 
rored surface is substantially collimated. However, 
to remove any stray off-axis light, a micro-venetian 
blind material 102, such as Light Control Film mar- 
keted by 3M Corp, is desirably placed between the 
mirror and the display subassembly. This material 
is a thin plastic film containing closely spaced 
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black microlouvers to absorb light misaligned with 
respect to the louvers. By this arrangement, a very 
compact and efficient display can be provided. 

From the foregoing description, it will be recog- 
nized that the present invention overcomes the 
electrical and interconnection constraints that have 
previously limited liquid crystal displays to rela- 
tively low resolution applications. 

Having described and illustrated the principles 
of our invention with reference to a preferred em- 
bodiment and several variations thereon, it should 
be apparent that the invention can be modified in 
arrangement and detail without departing from such 
principles. For example, while the display sub- 
assembly has been described as having its active 
rows distributed between two stacked panels, it will 
be recognized that in alternative embodiments the 
active rows may be distributed among three or 
more panels to attain still higher resolution. Such 
an arrangement, employing active rows on four 
panels, is shown in Fig. 11. Similarly, while the 
display subassembly has been described as having 
active rows on one panel interlaced with active 
rows on another panel, it will be recognized that 
the rows need not be interlaced. Instead, for exam- 
ple, one panel may have a plurality of contiguous 
rows that form the top portion of the display, and 
the second panel may have a plurality of contig- 
uous rows that form the bottom portion of the 
display. Finally, while the display subassembly has 
been described as providing a monochromatic dis- 
play, it will be recognized that several such dis- 
plays can be stacked and operated cooperatively 
to provide a full color display. In one such embodi- 
ment, one display (comprised of two or more 
stacked panels) can be tuned to switch between 
the colors cyan and white, a second display can be 
tuned to switch between magenta and white, and a 
third display can tuned to switch between yellow 
and white. These three displays, stacked with po- 
larizers (which may be colored for increased trans- 
missivity) can yield a high resolution full color 
display. 

In view of these and the wide variety of other 
embodiments to which the principles of our inven- 
tion may be applied, it should be recognized that 
the illustrated embodiments are to be considered 
illustrative only and not as limiting the scope of the 
invention. Instead, we claim as our invention all 
such modifications as may come within the scope 
and spirit of the following claims and equivalents 
thereto. 

The features disclosed in the foregoing de- 
scription, in the claims and/or in the accompanying 
drawings may, both separately and in any com- 
bination thereof, be material for realising the inven- 
tion in diverse forms thereof. 



Claims 

1 . A display subassembly comprising: 
first and second polarizers; and 

5 first and second LCD panels stacked between the 
first and second polarizers, each of said panels 
having a plurality of active rows and a plurality of 
inactive rows, each of the active rows being com- 
prised of a plurality of pixels, the two panels being 

w aligned with each other so that each active row in 
one panel is in optical alignment with an inactive 
row in the other panel, wherein the two panels can 
be cooperatively operated to yield a composite 
display whose resolution includes all of the active 

is rows in the first panel plus all the active rows in the 
second panel. 

2. The display subassembly of claim 1 in which the 
first and second panels each have their active and 
inactive rows alternately interlaced. 

20 3. The display subassembly of claim 1 which fur- 
ther includes a polarizer interposed between the 
first and second panels. 

4. The display subassembly of claim 1 in which 
each pixel in each active row is a double cell 

25 comprised a first, operative liquid crystal cell of a 
first twist in cooperative relationship with a second, 
passive liquid crystal cell of a second twist op- 
posite the first that compensates for wavelength 
dependence in the first liquid crystal cell. 

30 5. The display subassembly of claim 1 in which 
each pixel in each active row of the first panel 
comprises an operative liquid crystal cell of a first 
twist that operates in conjunction with a passive 
liquid crystal cell of a second twist opposite the 

35 first, said passive liquid crystal cell comprising a 
corresponding pixel in the inactive row of the sec- 
ond panel with which the active row of the first 
panel is in alignment. 

6. The display subassembly of claim 5 in which the 
40 first and second panels each have their active and 

inactive rows alternately interlaced. 

7. A display system that includes the display sub- 
assembly of claim 1 and which further includes: 
means for collimating light entering the display 

45 subassembly in a direction orthogonal thereto. 

8. The display system of claim 7 which further 
includes dispersion means for dispersing collimat- 
ed light exiting the display subassembly to permit 
wide angle viewing. 

so 9. A display system that includes the display sub- 
assembly of claim 1 and which further includes: 
means for receiving light focused on a predeter- 
mined point and for collimating said light for illu- 
mination of the display subassembly; an3 

55 means for re-focusing the collimated light exiting 
the display subassembly back onto the predeter- 
mined point: 

wherein the display system can be utilized on the 
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display surface of a conventional overhead projec- 
tor. 

*■ 10. An accessory for use with an electronic trans- 

parency, the accessory comprising a collapsible 
stand having a light-transmitting surface against 5 
which the electronic transparency can rest, and an 
internal light source for directing illumination 
through the light-transmitting surface. 
11. The accessory of claim 10 which further in- 
cludes optics for focusing the light directed through io 
the light-transmitting surface towards a point exter- 
nal of the accessory, wherein said optics can coop- 
erate with collimation optics on the electronic trans- 
parency to provide collimated light passing through 
the electronic transparency. 75 
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